The results of a study on alien plants of the Podilsky Tovtry National Nature Park are presented. The alien fraction of the Parkís flora comprises 335 species of vascular plants. Its taxonomic structure, ecological and life forms and species primary geographical origin are analyzed.
Introduction
By the end of the 20 th century, invasions of alien plants were widely recognized as one of the major threats to biodiversity on the global scale. At present, in Ukraine, alien species are found in almost all types of semi-natural and natural plant communities and ecosystems and the process of their expansion and naturalization progresses rapidly (Protopopova 1991; Protopopova et al. 2002) .
The plant cover of different areas belonging to the natural-preservation fund of Ukraine is prone to the invasion of alien plant species. The spread of some highly invasive taxa is a serious threat to the Ukrainian most valuable and unique flora and vegetation, like e.g. the Podilski Tovtry National Nature Park.
Since long time, the flora and vegetation of the Podilski Tovtry National Nature Park has been subject to studies by various researchers, such as: Besser (1822), Andrzejowski (1823), Belke (1859), Rogovich (1868) , Schmalhausen (1886) , Paczosky (1910) , Krutskevych (1937 Krutskevych ( , 1961 , Makowiecki (1939) , Kuznetsova (1953) , Moroz (1978) , Kukovytsa (1973) , Zaverukha (1985) , Lyubinska et al. (1999) , Kovtun (2002) and Kagalo et al. (2003 Kagalo et al. ( , 2004 . However, the alien fraction of the flora has not been investigated so far.
The aim of the present study was to analyze the alien plants of the Podilsky Tovtry National Nature Park.
Study area
The Podilski Tovtry National Nature Park (PTNNP) is situated in the Khmelnytsky Region, including Kamyanets-Podilsky, Gorodok, and Chemeryvtsi Districts (Fig. 1) . The area of the Park is 261 316 ha. The Park was founded in 1996 with the purpose of conservation, restoration and rational use of natural landscapes of Podillya and its unique historical-cultural complexes. These landscapes and complexes have aesthetic, scientific, recreational, medicinal and environmental protection value. The territory of the PTNNP is the core area of the Ukrainian National and European ECONET. It comprises the Dniester river corridor and two wetland areas of international importance: the Lower Smotrych River and Bakotska bay. The Park represents unique nature of the Ukrainian Pre-Dniester region -the southwest border of the Central Europe. It is distinguished by the presence of many rare, relict and endemic plant and animal species which are included in the Red List of IUCN (2010a), European Red List (2010b) and Bern Convention (1979) .
The following functional zones can be distinguished on the territory of the Park: nature reserve zone, zone of controlled and stationary recreation and economical zone. Today, natural vegetation occupies no more than 17% of the Parkís area, while agricultural landscape ñ 56.6 % and urban landscape ñ 15.1%.
Material and methods
Our investigations were based on the original materials obtained during field studies in the different regions of the PTNNP in 1996-2008, as well as on herbarium materials and literature data. They involved an analysis of the Parkís alien flora taxonomic structure (according to the Tolmachev classification 1974), ecological forms (after Didukh 2000) and life forms (after Raunkiaer 1934) , species geographic origin, time of immigration, degree of naturalization and distribution and frequency of occurrence (common, rare, sporadic) (Procudin et al. 1987) .
The herbarium collections of the PTNNP, KamyanetsPodilsky Botanical Garden, Ivan Ogiyenko KamyanetsPodilsky National University, M. G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine (KW) and Institute of Ecology of Carpathians, NAS of Ukraine (LWKS) were used in the study.
The terminology and classification of alien species is after Kornaú (1968) , modified by Protopopova (1991). The following categories were used: colonophytes (epoecophytes limited to one or several stable populations in the area, with little or no trend toward further expansion), ephemerophytes (non-naturalized, occasional immigrants, casuals or waifs), epoecophytes (naturalized in human-made and disturbed habitats) and agriophytes (naturalized in natural and seminatural habitats). Phytosociological relevÈs were made according to the Braun-Blanquet method (1964), modified by Solomakha (2008) . The nomenclature of vascular plants follows the Checklist of vascular plants of Ukraine (Mosyakin & Fedoronchuk 1999) .
Results and discussion
The flora of the PTNNP is represented by 1543 species of vascular plants (Lyubinska et al. 1999) . According to our data, the total list of the alien fraction of the Parkís flora comprises 335 species of vascular plants from 226 genera and 68 families (Appendix) or 21.7% of the total number of vascular species. As compared with other reserves and parks of Ukraine, it is characterized by higher number of alien taxa. This results from a large share of agricultural fields in the Parkís territory in the past and numerous settlements and recreation grounds at present.
Depending on the time of immigration of alien species to the Park, they can be divided into archaeophytes (125 spp.) and kenophytes (210).
The 10 leading families of the Parkís alien flora (according to Tolmachev classification) are: Asteraceae (46 spp.), Brassicaceae (38), Poaceae (26), Fabaceae (20), Lamiaceae (19), Rosaceae (15), Chenopodiaceae (14), Boraginaceae, Apiaceae (10), Solanaceae (8), Scrophullariaceae (7); other families comprise from one Alien plants of the Podilski Tovtry National Nature Park (Ukraine) Lyudmila G. Lyubinska to five species (Appendix). The spectrum of these families is very similar to the spectrum of alien fraction of the whole Ukrainian flora (Protopopova 1991). Among leading genera are: Amaranthus and Chenopodium (8 species each), Euphorbia (6), Papaver, Centaurea, Bromus and Geranium (4 each); other genera consist of one to three species.
The dominant life form (according to the Raunkiaerís classification) are terophytes which are represented by 188 species. The spectrum of life forms represented in the alien flora of the Park is similar to other regional alien floras and the whole Ukrainian flora (Fig. 2) .
It was established that among ecological forms prevail submesophytes (xeromesophytes) (198 spp.), followed by mesophytes (84) and subxerophytes (mesoxerophytes) (40). Other groups (hydrophytes and subhydrophytes) include from one to four species (Fig. 3) .
In the mode of species origin predominate Mediterranean taxa (77 spp.), followed by North American (50), Asian (49), Mediterranean-Iran-Turanian (43) and European (34); other regions are poorly represented (Appendix).
In terms of the degree of species naturalisation prevail epoecophytes (187 spp.), followed by ephemerophytes (55), colonophytes (48), ergasiophytes (27) and agriophytes (18) (Fig. 4) . The stable component of this group (epoecophytes, agriophytes, and colonophytes) is represented by 252 species and the unstable one (ergasiophytes and ephemetrophytes) by 82 species.
The most important group in the Parkís flora are agriophytes. Among them prevail terophytes, mesophytes and species of North American origin. They occupy different types of anthropogenic, semi-natural (Table 1 ), but majority of them grow in meadow-steppe ecotypes.
At present, the process of anthropogenic changes of flora and vegetation in natural habitats progresses rapidly. Many alien species are not only a stable component of these habitats, but also form communities in which they dominate. Particularly, a great influence on the structure of plant communities exert invasive species. Some invasive plants in the Parkís territory, e.g. (Solomakha 2008; Lyubinska 2008 ).
Conclusions
The natural ecosystems of the Podilski Tovtry National Nature Park are almost completely lost due to significant anthropogenic transformation. The main factors limiting restoration of native plant communities are cattle pasturing and, clearing of forests, steppe and meadow lands.
For the effective preservation of the whole biodiversity of plant cover, including rare species and components of unique plant communities, it is necessary to ensure urgent protection of habitats (biocenoses). The management plan for the Park includes such activities as: regulation of a hydrological regime, restoration of native biotopes, reintroduction of locally extinct plant species and establishment of a monitoring system. 
